Sugarcane bagasse is among the abundantly available waste in agriculture industry. The proportion of siliceous ashes after the incineration process is one of the attractive features in sugarcane bagasse. However, its low bulk density would result in an additional issue for further use as cement replacement material, since higher replacement volume will bring more hydrophilic particles of sugarcane bagasse ash into the mixture. Therefore this research aims to extract the reactive silica from sugarcane bagasse ash and increase its bulk density by converting it into soluble form. The process was divided into three stages, which were pre-treatment and incineration of sugarcane bagasse, conversion into soluble form, and production of mortar specimen. Soluble silica from sugarcane bagasse ash was used to partially replace cement content in mortar, hence its effect on the hydration process can be evaluated. Compression test and scanning electron microscope analysis were performed to observe its effect on the strength and microstructural development of mortar framework. The results show that the inclusion of soluble silica would enhance the early hydration rate and improve the consolidation of cement matrix via additional calcium silicate hydrate formation, which would increase the capability of internal mortar framework to distribute loads and achieve higher strength.
Introduction
Utilization of industrial and agricultural wastes are considered to be an important step in protecting the environment via reduction of non-renewable resources consumption [1] - [3] . Reactive ashes from fibrous agricultural waste products have been known for its ability to improve the performance of composite binders and concrete. Sugarcane bagasse ash (SCBA) is one of the common agricultural waste products with high pozzolanic reactivity and micro-aggregate filling effects [4] - [7] . The high pozzolanic reactivity of SCBA is attributed to the amorphous white ash silicon dioxide and its small cellular particle size [8] , [9] . With the particle size smaller than Portland cement, it is able to increase the packing density of hardened composite paste and enhance the micro and macro properties of concrete [10] - [12] .
However, the bulk density of SCBA after chemical pre-treatment and burning process is extremely low, making it problematic to increase the volume of cement replacement without resulting in high water engrossment due to the over-dominance of ash volume in cementitious system [13] . The excessive amount of ash with high surface area due to micro voids formation in its cellular structure will lead to higher free water absorption and decrease the strength of hardened cementitious framework.
Former researchers have investigated the production of siliceous gel from rice husk and geothermal sludge to produce cementitious material with better microstructure and thermal performances [14] - [16] . The effects of siliceous gel in cementitious material are significantly influenced by nano-metric sized particles that are responsible in modifying the liquid phase viscosity and its pozzolanic properties [14] , [15] , [17] . Therefore this study was performed to study the conversion of SCBA into soluble silica, hence the use of SCBA based pozzolan as prospective cement replacement material can be optimized.
Experimental Procedure
In this study, the process was divided into three main activities, which were pre-treatment and incineration of sugarcane bagasse, conversion of powder ash into soluble form, and production of mortar specimen. In the last stage, the inclusion of soluble silica was compared with untreated and treated sugarcane bagasse ash to obtain its effect on the hydration process of cement.
Material Preparation. Pozzolanic ash in this research was derived from the pre-treatment process of sugarcane bagasse. Pre-treatment process was purposed to leach out any impurities from the bagasse by using low concentration Hydrochloric acid with various parameters. The process and its optimum outcome have been elaborated and discussed in the previous article where a combination of 0.1 M HCl and 1 hour soaking duration is sufficient to extract reactive silica from sugarcane bagasse through 800 °C incineration temperature for 1 hour burning duration [10] . Table 1 shows the major oxide composition of SCBA extracted from this process and its micro properties. In this study, preparation of soluble silica adopted Lima et al method [11] where sodium hydroxide solution was used in the process. In the first stage, treated sugarcane bagasse ash (SCBA) was dissolved in 1M sodium hydroxide (NaOH) solution. The solution was heated and stirred at boiling temperature for 2 h before it was let to cool down at a room temperature for 3 h. The remained solution was then filtered to discard any solid or impurities originated from treated SCBA. In the next stage, HCl solution was included to reduce the pH of produced solution to be lower than 7. The produced solution would be used to partially replace portion of cement in mortar. Ordinary Portland cement and natural aggregates from local quarry were used with this solution to produce mortar specimen. Control specimen was designed with the characteristic strength of 20 MPa at 28 days (Mortar Grade 20). Detail of mix proportion used is as follows: cement (390 kg/m 3 ), sand (1480 kg/m 3 ), and water (280 kg/m 3 ). Tap water with no chemical additive was used throughout the mixture as the mixing and cement hydration medium. The siliceous solution was included at 2.5% and 5% (by weight of cement) to partially replace cement content in the mixture, hence its effect on the hydration of cement in mortar material can be studied.
Method of Testing.
Compression test was conducted on the hardened mortar at the age of 3, 7, 28, and 56 days, while field emission scanning electron microscope (FESEM) was used to qualitatively analyzed the microstructure of hardened mortar at 7 days. FESEM specimen was prepared via coring and trimming process to obtain the undisturbed part and avoid qualitative data distortion.
Result and Discussion
Analyses on the mechanical strength and microstructural properties of mortar specimen were conducted to evaluate the role of soluble silica as a cement replacement material. Refinement in microstructural formation would be directly correlated with the performance of compressive strength, since load distribution in a material is governed by the connectivity of constituent frameworks. Material Characterization. The chemical composition of soluble silica was determined by using XRF analyzer, S8 Tiger, Bruker, with the result is presented in Table 2 . During gelification process, the silica was in the monomeric form of silicic acid Si(OH) 4 This phenomenon explains the main oxide composition in soluble silica, such as Na 2 O due to the polymerization process. In this stage, it is divided into three phases; monomer polymerization to form particles; particle growth; and particle reunion in ramified chains that extend throughout the solution, which increases the viscosity and forms a soluble silica gel [14] .The hydrothermal method used in this study involved the addition of hydrochloric acid to sodium silicate solution during gelification process to produce silica gel at pH lower than 7.0, therefore the major impurity in soluble silica was sodium chloride, trapped in the silica gel network.
Compressive Strength Performance. Compressive strengths of mortar specimen containing soluble silica are presented in Fig. 1 . The mixtures were divided into four types, which are 2.5% soluble silica with HCl gelification (S1), 5% soluble silica with HCl gelification (S2), 2.5% soluble silica without HCl gelification (S3), and 5% soluble silica without HCl gelification (S4). It can be seen that mechanical strength of all specimens exhibited continuous increase with the increase of curing time. Acceleration on the compressive strength development of S-series specimens during early age could be attributed to the higher solubility of siliceous gel that directly involved in the pozzolanic reaction and higher amorphousness contributed by nanometer particles [14] ; hence consolidation of hydrated cement matrix formation was rapidly happened during this early age. Nevertheless, soluble siliceous gel presented an inconsistent trend as compared to aqueous silica. It was believed that the saturation of solution during hydration process was achieved faster by soluble silica than other silica phase. The possibility of other alkali based network occurrence in the framework is also believed to contribute on the capability of hardened mortar in transferring and sustaining the applied load. Sodium (Na) rich environment in S1 and S2 was the basis of the hypothesis on the formation of Sodium Silicate Hydrate (N-S-H) or Sodium Aluminate Silicate Hydrate (N-A-S-H) in these specimens. Microstructure Properties. Based on FESEM results in Fig. 2 , there are significant differences in the form and texture of various reaction products for specimens with and without soluble silica. It is also obvious how the porous structure of mortar would greatly influence the mechanical strength performance. Fig. 2 displays the formation of both microcrystalline and fibrous crystals of cement hydration products, mainly as calcium silicate hydrates (C-S-H), calcium hydroxide (CH) and 
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Control S1 S2 S3 S4 Key Engineering Materials Vol. 765 271 calcium aluminate hydrate (C-A-H). Refinement of microstructure by secondary C-S-H gels provided in soluble silica based specimen had presented higher compressive strength than control. It is believed that higher concentration of alkalis and silica from the solution was beneficial to the acceleration of heat evolution during dormant period when Ca 2+ consumed these precursors for its early nucleation. In the system, some alkalis could be attached to C-S-H gel structure. A low Ca/Si ratio and high alumina content also foster alkali binding in the gel [18] , [19] . It explains the higher compressive strength possessed by solubilized silica SCBA mortar. 
Conclusion
Based on the results obtained in this study, mechanical properties of mortar containing silica gel with and without HCl gelification exhibit continuous improvement along with the increase of curing period. The inclusion of soluble silica in mortar mixture could enhance the early hydration process and solidified the microstructure of mortar framework via the addition of calcium silicate hydrate gels. Transformation of siliceous ash into soluble form has demonstrated a positive effect toward the enhancement of mortar or any cementitious material.
